Abstract: Experimental and analytical studies carried out on a RC moment-resisting frame after it is subjected to the loss of its ground-story exterior column is presented in this paper. Four full-scale interior beam-column subassemblages with varying degrees of nonseismic detailing were subjected to a monotonic loading regime to simulate the effects of redistributed gravity loads on the subassemblage after the loss of an exterior ground column. The variables in the test specimens include the beam longitudinal reinforcement ratios and the spacing of the transverse reinforcement within the beams, columns, and joints. The load-displacement relationships, crack development patterns, and failure mechanism obtained from the tests are also discussed. The finite-element models are validated by comparing the results with the experimentally obtained data. Parametric studies are then performed to study the influence factors, such as the beam transverse reinforcement ratio and the incorporation of an additional exterior beam-column element and slab on the global behavior of the subassemblages.
Introduction
Progressive collapse is characterized by widespread propagation of failure following localized damage to a small portion of a structure. Consideration of how to prevent progressive collapse is not new to the structural engineering community. Several codes and design guidelines [ASCE 2010; General Services Administration (GSA) 2003; Department of Defense (DoD) 2009] have formulated their own approach to mitigate progressive collapse. Although each approach is different, they share the same principles: alternate load path, local resistance, and integration of continuity requirements. Among these methods, the alternate load path method has been considered to be a major technique in mitigating progressive collapse of moment resisting frames.
A number of studies, design codes, and standards have been reviewed and/or compared in Nair (2006), Ellingwood (2006) , Mohamed (2006), and Li et al. (2011) . Generally, the investigated issues are involved with abnormal loading events, assessment of loading, analysis methods, and design philosophy. Numerous numerical studies also have been conducted in the past decade. Marjanishvili (2004) studied the advantages and disadvantages of the aforementioned procedures when applying them in progressive collapse analysis. Powell (2005) compared the linear static, nonlinear static, and nonlinear dynamic analyses approaches. It was found that adopting a dynamic amplification factor of 2.0 as suggested in the guidelines for static analysis can result in extremely conservative results. Ruth et al. (2006) found that using a dynamic amplification factor of 1.5 better represents the dynamic effect, especially for steel frames. Marjanishvili and Agnew (2006) compared four analysis methods, kinear static, nonlinear static, linear dynamic, and nonlinear dynamic, by analyzing a nine-story steel moment-resistant frame building. It was found that the four analysis methods had their own merits. The static and dynamic analyses need to be incorporated properly to achieve the best results for progressive collapse analysis.
Despite the notable analytical studies mentioned previously, limited experimental data exist on assessing the progressive collapse resistance of RC frame structures undergoing large deformation. Sasani et al. (2007) conducted an in situ test of a RC building with one-way floor slabs supported by transverse frames. The dynamic performance of the building after the sudden removal of an exterior ground bearing column was studied. The behavior of a RC moment frame subjected to the loss of an interior column was investigated by Yi et al. (2008) . The loss of an exterior column in the event of a terrorist attack is more prone to triggering progressive collapse than the loss of an interior column as a result of the lower catenary (beam) or membrane (slab) actions that develop because of reduced horizontal constraint provided from the surrounding element when the frame loses an exterior column. It should be pointed out that one of the critical regions in the frame after losing an exterior column is the interior beam-column subassemblage. However, there have been limited tests conducted to assess the behavior of RC interior beamcolumn subassemblages under the loss of an exterior column scenario. Therefore, a series of experimental studies was conducted at Nanyang Technological University, Singapore, to assess the performance of interior beam-column subassemblages in progressive collapse. Previous research (Corley et al. 1998; Yap and Li 2011) indicated that improved detailing (seismic detailing) may help to enhance the resistance of buildings against progressive collapse. Thus, one of the main objectives of this study is to evaluate the effects of reinforcement detail (nonseismic detailing or improved detailing) on the progressive collapse resistance of interior beamcolumn subassemblages after the loss of a ground exterior column.
